Abstract Many previous studies have been conducted in an attempt to determine phosphorus (P) adsorption in soil. Often, these studies cannot be compared, because the reports did not give a satisfactory characterization of the dynamics of soil P in saline conditions. In our experiment, three salts extracts (CaCl 2 , NaCl and KCl) with the same concentration (0.01 M) were used to determine the amount of P adsorption in Solonetz soil samples of the semi-arid areas of Kondar region (Tunisia). Also, we focused on the influence of contact time on P-Salts adsorption in the alkalize soil. The analytic data were approached from the following kinetics' models: pseudo first order, pseudo second order and Elovich model. Results obtained showed that salts addition increased significantly the amount of P adsorption with the following order of salts extracts (PCaCl 2 [ P-NaCl [ P-KCl [ P). The mechanism of phosphate ions adsorption by soil was studied using IR spectroscopy. Infrared spectral characteristics of the amorphous material indicated that the adsorption is due to exchange phenomena of phosphate ions with surface groups. It was also demonstrated that the addition of CaCl 2 salt caused a shift and an increase of OH, Si-O (Si-O-Si, Si-O-Al) and Al-OH absorption bands which favored the adsorption of P ions. Moreover, the second-order model was shown to be the best fit for describing phosphorus adsorption associated with different salts, as seen from the correlation coefficient R2 which ranged from 0.98 to 0.99.
Introduction
Inorganic P is one of the most limiting nutrients in agricultural production and in terrestrial and freshwater ecosystems (Elser et al. 2007 ). It plays a crucial role in essential physiological processes including photosynthesis, respiration, cell division, cell enlargement and the regulation of enzymes (Abel et al. 2002) . The average agricultural soil solution P concentration varies widely among soils. It is about 100-2000 mg P total kg -1 soil representing approximately 350-7000 kg P ha -1 in the surface 25 cm of the soil (Khan et al. 2010) , although only a small portion of this phosphorus is immediately available for crop uptake (Morel et al. 2000) . P deficiency is critical in highly weathered soils of tropics and subtropics, as well as calcareous/alkaline soils of Mediterranean basin (Hinsinger 2001) . However, P is a non-renewable resource (Cordell et al. 2009 ); the future adsorption of P in soil solution has presented a most important global challenge. To confront this challenge and ensure adequate fertilization of P for optimum plant growing, the knowledge of different processes of P dynamics in soil solution is very interesting in assessing the amount of P that can be taken up by plants (Vance et al. 2003; Rengel and Marschner 2005; Harmsen 2007 ). Adsorption of P is notably controlled by soil solution properties such as pH and concentration and type of dissolved salts (Arai and Sparks 2007) . Several factors affect the amount and composition of these salts in soil solution such as high salt content in irrigation water, and some of the fertilizers used in soil contain high levels of potentially harmful salts, such as KCl and NaCl. Cho-ruk and Morrison (2004) found that in salt-affected soil, as the concentration of salts increases, P adsorption declines. Other researches indicate that an increase in salt concentration increases the adsorption and decreases desorption of P. Andersen et al. (2011) suggested that the reduction of the sorption of phosphorus in saline solution soil was the result of the activity of ions' antagonists, which can decrease the activity of phosphate and phosphate transporters of both high and low affinity. The solubility of P increases remains unaffected or decreases depending upon the nature and amounts of salt added. Wang et al. (2010) showed the inverse relationship observed between available P and the chloride content. Bhadha et al. (2012) investigated that increasing level of NaCl decreases the level of P in soil solution. Baker et al. (2013) mentioned that phosphate concentrations in field-grown agronomic crops decreased as salinity (NaCl, CaCl 2 ) increased. Additionally, increased concentration of Na ? and Ca 2? in soil solution can lead to increased soil ionic strength which may increase P retention (Curtin et al. 1993) . Olsen et al. (1960) have shown that most of the soluble salts reacting with soil components contribute less available P and change the soil pH. Some others studies relate the phosphorus adsorption with the kind of soil. In acidic soils, Al-P precipitates as the NaCl concentration increases in the soil. In alkaline soils, high concentrations of Na ? and increased pH led to increases in the amount of NaHCO 3 -extractable P. With increasing Ca 2? concentration, phosphorus (P) can precipitate as soluble Ca-P compounds (Wang et al. 2010) . In sodic soils, P may exist as Na-P, which is formed as a result of the presence of soluble sodium salts and which is highly soluble. Curtin et al. (1987) found that when a group of New Zealand soils was Na-saturated, an average 2.6 times more P was available to distilled water (10 consecutive extractions) than from the original soils, where Ca was the dominant exchangeable cation. This effect may have an essential behavior on the adsorption of phosphorus in soils that have become saline or receive saline irrigation water. The vast majority of past investigations found a deleterious effect of dissolved salts on available P. They also found that available P is sensitive to the type of cation brought with chloride. However, we believe that past investigations only furnished a patchy view of the effect of salt concentrations and types, given the lack of detailed experimental studies, which should consider concentration gradients for different salt types in the same soil. The aim of this study, therefore, was to (1) assess the P adsorption kinetics in soils from addition of different salts, (2) select the best fit for the data between three equations, and (3) relate the coefficients of these equations to the effects of salt additions.
Materials and methods

Site description
The phosphorus adsorption research was conducted with Solonetz soils samples of the semi-arid areas of Kondar (36°08 0 N10°22 0 E) (Mtimet 1999) . The climate is moderate in the winter and hot in the summer, with mean annual temperature of 297 K, and mean annual precipitation of 280 mm. The soil (0-25 cm) is clay soil (Calcicmagnesic).
Chemical and physical analysis
Triplicate soil samples were randomly collected at 0-25 cm depth, air-dried, sieved (\2 mm) and stored until analysis. Soil pH was determined in a 1:2 soil: water suspension (Suarez 1999) ; organic carbon (OC) by the wet oxidation method (Walkley and Black 1934) ; particle-size distribution by the pipette method (Gee and Bauder 1986) and calcium carbonate equivalent (CCE) by the BaCl 2 extraction method. Mehlich-III (Mehlich 1984 ) P, Ca, Mg, Fe, Al, Cd, Cu, Mn, were determined by equilibrating 2.5 g of air-dried soil with 25 mL of Mehlich-III extracting solution for 5 min and filtering through Whatman No. 40 filter paper. Concentrations of the various elements in the extracts were determined by inductively coupled plasma optical emission spectrophotometer (CP-OES, Perkins Elmer, Model 4300DV).
Mineralogy analysis
The quantitative mineralogical analysis was extracted from the powder XRD data using an internal standard for each mineral. The clay fraction was quantified, after purification, and based on a pure, standard clay mineral.
Experimental adsorption study
The batch adsorption experiments were carried out in 250 mL Erlenmeyer flasks where 1 g of each soil sample and 100 mL of the P, P-KCl, P-NaCl, P-CaCl 2 with concentration of 100 mg L -1 of P (Hamdi et al. 2014) were prepared with KH2PO4, and 0.01 M of KCl, NaCl and CaCl 2 . The Erlenmeyer flasks were subsequently capped and agitated in an isothermal shaker at 100 rpm and 293 ± 2 K to achieve equilibration at 24 h. A volume of 5 mL of P, P-KCl, P-NaCl, P-CaCl 2 solutions was sampled from Erlenmeyer flasks, centrifuged at 2800(g) for 10 min and the supernatant was immediately analyzed for P using the double-beam UV-Vis spectrophotometer (Shimadzu, Model UV 1601, Japan) at 868 nm (Watanabe and Olsen. 1965) . The amount of adsorption at equilibrium, Qe (mg g -1 ), was calculated by Eq. (1):
where C i and C e (mg L -1 ) are the liquid-phase concentrations of P at initial and equilibrium, respectively; V is the volume of the solution (L) and M is the mass of dried soil (g).The adsorption tests were performed thrice; the results represent the algebraic average quantities of retained phosphorus.
Adsorption kinetic study
Various kinetic models have been used by various researchers, where the pseudo-first-order, pseudo-secondorder models and Elovich equation were studied.
Pseudo-first-order model
Rate equation of Lagergren is generally described by Eq. (2):
where K 1 is the pseudo-first-order constant. After integration, by applying the conditions, Q t = 0 at t = 0 and Q t = Q t at t = t, Eq. (2) becomes:
where k is a constant and Q e is the amount of P adsorbed at equilibrium in mg g -1 and constant k and Q e can be calculated from the plot of log (Q e -Q) versus time (t).
Pseudo-second-order model
The pseudo-second-order kinetic model is expressed as follows:
Integrating the equation for the boundary conditions t = 0 to t = t and Q = 0 to Q = Q gives:
where k 2 is the second-order rate constant (g mg -1 min -1 ), by plotting of t Q versus t is a linear relationship. Values of k 2 and Q e were calculated from the intercept and slope of the plots of t Q versus t.
The Elovich equation
The Elovich is one of the useful models, it can be expressed as:
where a is the initial adsorption rate (mg g -1 min -1 ) and b is the desorption constant (g mg -1 ). To simplify the Elovich equation, assume abt ) t and by applying boundary conditions Q t = 0 at t = 0 and Q t = Q t at t = t, Eq. (6) gives:
where t 0 = 1 ðabÞ . If t is much larger than t0, Eq. 7 can be simplified as:
A plot between Q t versus ln(t) yields a linear relationship with a slope of 
Statistics
The statistical analyses were implemented with XLSTAT (2012). The analysis of variance ANOVA and post hoc multiple comparisons Tukey's test (P \ 0.01) were used to examine the effects of salt extracts' addition on the variation of chemical composition in different solutions.
Fourier transform infrared spectroscopy analysis
Soil samples were dried and finely ground (\2 mm) overnight before the spectroscopic analysis. Diffuse reflectance (MIR) spectral measurement of the soil samples was performed using a spectrophotometry double-beam analysis (FT-IR) (Camspec M550) at k max of 660 nm. Fourier transform infrared spectrometry (PerkinElmer Spectrum two) was used to analyze the functional groups in the adsorbent. The transmission spectrum was acquired with 4 cm -1 resolution and the spectrum was corrected for a KBr background. For BET specific surface area estimation, a porosimeter accelerated surface area and porosimetry system (ASAP 2010) was used.
Results and discussion
Soil characteristics and adsorption mechanism investigation
Initial soil physicochemical characteristic were showed in the Table 1 . The soil of the experiment has high quantities of clays. The value of pH is 8.66 indicated that is an alkalize soil. Soil analyses gave values of 24 meq/100 g (CEC), 3.6% organic matter (OM), and nutrients 3.4 (P), 680 (K), 17,784 (Ca), 11 (Mg), 143 (Fe), and 12(Al) (mg kg -1 soil). Exchangeable calcium concentration was high, where phosphate anions will be fixed, and the dominant form of phosphorus is maybe P-Ca characterized by low lability (McKenzie et al. 2003; Shen et al.2011) . Moreover, as indicated earlier, mineral analysis on Table 2 indicates a preponderance of clays. According to many others studies; the clays had a high affinity to adsorb the phosphate (Bratieres et al. 2008; Chang et al. 2010) . The adsorption of phosphate anion is maybe performed by silanol functional groups on the clay surface specially on the calcite surface at alkalize solution (pH = 8.66) (Hanudin et al. 2014; Cartes et al. 2015) which was observed on IR spectra of our soil in 797.6 cm -1 . The principal adsorption mechanism is ligand anionic exchange involving the formation of inner sphere surface complexes (Hanudin et al. 2014) . In fact, clays are generally associated with (hydro) oxides (Jing et al. 2010) . These latter film coatings on the surface of the minerals soil (Martins et al. 2008) . This film involves the formation of a variable charge and a strong ability to bind phosphate, in exchange against hydroxyl ions (Nacry et al. 2005; Goldberg et al. 2008) . Also, it is reasonable to speculate that the phosphorus is adsorbed on the surface of soil by hydrogen bond. To develop this hypothesis, a physicochemical characterization of soil before and after adsorption was made using FTIR analysis.
Contact time effect
The sorption of P as a function of contact time is shown in Fig. 1 . It can be revealed that the P adsorption rate was rapid for the first 12 h and decreased over time. Equilibrium P adsorption was established after approximately 24 h at an initial concentration of 100 mg L -1 . It can be suggested that the presence of three phases in adsorption of P may be explained as follow: the first phase is characterized by a high rate of adsorption, then the rate reduces linearly (second phase) until the slow adsorption phase starts. The same results were revealed by Hamdi et al. (2014) . The fast adsorption rate at the initial stage may be explained by an increased availability in the number of active binding sites on the soil surface. The adsorption rapidly occurs and normally controlled by the diffusion process from the bulk to the surface. In the later stage the adsorption is likely an attachment-controlled process such as the penetration of P ion into the pores of soil micro-aggregates and P ion saturation of the adsorbent surface prevent P ion adsorption for each increase of P application (Hemmannuella et al. 2011 ).
Salt effect on P adsorption
The effect of salts on the retention of phosphate ions was also presented by the Fig. 1 . It can be shown that all three types of salt additions could increase the P adsorption in the soil solution to compare with the control sample. However, P adsorption can be varied according to the type of salts (Mihiri et al. 2016 ). After addition of 0.01M of all salts, it has been occur an increase of measured P adsorption which reached 2.6%, 4.31%, and 8.39% in the case of P-KCl, P-NaCl and P-CaCl 2 , respectively. The results emphasize the complex relationship between salinity and P adsorption in the soil. Curtin et al. (1993) revealed that addition of salt increases the soil ionic strength. With increase in soil ionic strength, phosphate activity reduced, and P adsorption tended to increase; hence P adsorption decreased (Von Wandruszka 2006a, b) . On the other hand, the increase of the P sorbed in the alkaline conditions in the presence of different salts may be due to the higher soil pH (Shaheen et al. 2009 ). Sorption processes are time-dependent, pH-controlled, and process rates decrease with time (Bolan et al. 1986 ). Garoma (1996) reported that at pH [ 7, phosphorus in soil solution exists mainly in the form of HPO 4 2-. This divalent ion with two nucleophilic centers and the potential to act as a bidentate ligand may have greater affinity for the adsorbent surfaces. Additionally, Morgan (1997) and Mostafa (1999) also revealed that under alkaline conditions in the presence of free calcium carbonate, sorption of H 2 PO 4 -/HPO 4 2-on calcite could occur by replacing water, HCO 3 -or OH -ions present on the calcite particles.
It has been observed that the CaCl 2 addition was the most effective in increasing the concentration of P adsorption in the soil solution followed by NaCl and KCl salts. However, this classification of salts to enhance P adsorption can be associated with the degree applied of valence and affinity of following cations (Ca 2? , Na ? and K ? ). One possible reason for this is that divalent cations increase the P sorption because they can fit into cavities of adsorbed phosphate ions. Similar results were indicated by Bhadha et al. (2012) . Also Bolster and Sistani (2009) revealed that important differences between soils and CaCl 2 versus KCl solutions can also be attributed to factors such as organic matter content and pH. Several studies showed that these results can be explained respectively by the medium and high solubility of K-phosphate and Naphosphate (Bhadha et al. 2012; Rogers et al. 2005) . Furthermore, the increase of P sorption after addition of Casalts can be explained by the low solubility of Ca-phosphates (Mahmood et al. 2000) . Curtin et al. (1993) signaled that P adsorption increases with increasing Na? adsorption ratio (SAR) in the soil. However, when the soil solution contains high Na?concentrations, this ion can be replaced by exchangeable Ca2? ion on the particle surface allowing the dissolution of P (Dudal and Gérard 2004) .
Kinetic results interpretation
The pseudo-first-order plot of P adsorption in the different solutions on addition of different salts is illustrated in Fig. 2 . From the plot the pseudo-first-order rate constant k1 and the adsorption capacity Qe were computed from the slope and intercept of the plot and presented in Table 3 . It can be seen that the values of the pseudo-first-order rate constant varied with chemical modification and the following decreasing arrangement was determined: P-CaCl 2 [ P-NaCl [ PKCl [ P. Moreover, Fig. 3 depicts the plot of t Qt versus contact time for the pseudo-second-order equation for adsorption of P. From the plot, the values of the pseudosecond-order rate constant k 2 and the sorption capacity Q e computed from the slope and intercept are presented in Table 3 . It can be seen that the values of k 2 and Q e were enhanced with the addition of salts and the following decreasing arrangement was determined P-CaCl 2 [ PNaCl [ P-KCl [ P. The Elovich equation plot for P adsorption is shown in Fig. 4 . Table 3 shows the constants of the Elovich equation, a is the initial adsorption rate, and b is the desorption capacity that are obtained from the slope and intercept of the Elovich plot. As observable from the data (Table 3) , the values of a and b indicate a general trend of variation (increase in case of a and decrease in case of b) with the addition of the following salts, KCl, NaCl and CaCl 2 . It can be concluded that the adsorption phenomenon is more rapid in the case of Ca-P according to the a term value of the Elovich equation. The decrease from P-CaCl 2 to P-KCl may be due to the modification of soil surface functions as demonstrated in the following paragraph. 
Coefficient of determination analysis
For an appropriate description of the mechanism of P adsorption associated with different salts addition, it was necessary that different kinetic models be tested to determine their extent of fitness to the experimental sorption data. The coefficient of determination R2 was chosen as the error function for the kinetic model analysis. This is because linear regression implicitly minimizes the sum of the squares of the errors to determine the equation parameters. As observable from the data (Table 3 ) of the linear coefficient of determination R2 values of the different kinetic models used to evaluate the P adsorption, it shows that the pseudo-second order kinetic equation had the highest R2 values. Thus, this kinetic model was taken as the best fit equation for the description of the mechanism of P adsorption. Also, the calculated Q e values obtained from the second-order kinetic model agree with the experimental Q e values for all the cases. These suggest that the P adsorption onto soil of Kondar region follows the second order kinetic model. Figure 5 shows the infrared spectral characteristics of soil samples of Kondar. The peak assignments in the spectra represented OH stretching vibration (3697.48; 3621.46; 3435.66 cm -1 ) (Li et al. 2015; Saikia et al. 2010) , C-H stretching (2925.08 cm -1 ) (Li et al. 2015) , HOH deformation of the adsorbed water (2514.8348; 1798.7848; 1643 cm -1 ) (Saikia et al. 2010; Hanudin et al. 2014 Hanudin et al. ), carbonate stretching vibration (1453 872.47 and 713 . 02 cm -1 ) (Li et al. 2015; Madejova et al. 2001) , P-O 
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Pseudo-first order Pseudo-second order Elovich stretching (1032 cm -1 ), O-P-O bending (535.6 cm -1 ) (Large et al. 2011; Wang et al. 2016 (Li et al. 2015; Saikia et al. 2010 ) and Si-O-Si deformation (469.62 cm -1 ) (Madejova et al. 2001; Saikia et al. 2010) . Reaction with P ions resulted in a shift in these absorption bands. The shift of the peaks assigned to OH stretching vibration was derived to OH belonging to aluminol groups replaced by P ions, through ligand exchange. Strengthening on the peaks absorption bands indicated that stretching vibration intensity of OH increased due to adsorption of the anions. The shift assigned to C-H stretching, and the increase of the intensity at this peak is due to the interaction between C-H groups and phosphate ions. The peak of the absorption band assigned to water bending was shifted to higher frequency, from 2514.84 to 2514.93 cm -1 . This can be attributed to water adsorbed by the material was replaced by the phosphate anion. While strengthening the intensity at the peak of the absorption band indicates the addition of water carried by the anion-anion exchanger. Regarding the peak assigned to Si-O-Al, the wave number tends to shift toward the higher, from 1005 to 1009.6 cm -1 , likely this is due to the contribution of the vibrating group P=O stretching of phosphate ions. The same thing happens at the peaks of Si-O-Si and Si-O, in this case, absorption bands were shifted to lower wave numbers. In contrast, the peak of the absorption band assigned to Al-OH tends the frequency shift towards lower, i.e., from 913. 36 to 911.8. This is probably caused by the reaction of Al-hydroxide complex formation with the ligand anion exchanger (phosphate anion). The strengthening intensity of the absorption band assigned to P-O and O-P-O bending indicates the addition of phosphate ions (from 36.06 to 53.39% and from 39.44 to 62.21%, respectively).
The addition of CaCl 2 salt causes also a shift in these absorption bands. The peak assigned to OH stretching vibration was shifted to a lower wave number (from 3435.66 to 3427.99 cm -1
). Reinforcement at absorption band showed an increase in the intensity of stretching vibration of OH groups carried by the anion-anion exchanger. The peak assigned to water bending was shifted to a higher wave number. This was probably because part of water adsorbed by amorphous mineral was replaced by the phosphate anion. Reinforcement at the peaks located at 1032 and 533.91 cm -1 showed an increase in the intensity of P-O and O-P-O bending.
Conclusion
In this paper, an attempt has been made to use different salts addition (CaCl 2 , NaCl, KCl) to predict the behavior of P adsorption in alkalize soil of the Kondar region. On the basis of the results, it appears that P adsorption was rapid initially and gradually diminished to attain equilibrium after which there was no significant change in adsorption rates. The decline in the reaction rate may be caused by the formation of calcium phosphate coatings on the soil surface and the decline in the available surface area for adsorption. Moreover, it has been found that by addition of salts in solution, P adsorption significantly increased. Applications of three different kinetic equations to the data show that the rate of P adsorption was best predicted by the pseudosecond-order kinetic model. Infrared spectral characteristics of the amorphous material indicated that the reaction of amorphous clay with CaCl 2 salt caused a shift and an increase of OH, Si-O (Si-O-Si, Si-O-Al) and Al-OH absorption bands.
The results further showed that cation species (Na ? , K ?
and Ca 2? ) played a vital role in the fate of P in saline environments and will contribute to a more efficient management of P in relation to other ions.
